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CROSS-PLATFORM REMOTE USER
EXPERIENCE ACCESSIBILITY

BACKGROUND

Computing devices have become ubiquitous 1n most
aspects of life. It 1s now common for users to be connected
to at least one device at any given time, and sometimes even
two or three devices at once. One of the reasons that
computing devices have become so ubiquitous to everyday
users 1s due to the number of options available to those users.
For any given device type (e.g., phone, tablet, laptop,
desktop) there are multiple device manufacturers with their
own set of hardware configurations, 1 addition to unique
operating system types and application suites that may be
run on those devices. Thus, 1t 1s not uncommon for a user to
have, and frequently use, a smart phone that operates on a
first platform, a tablet that operates on a second platiorm,
and one or more desktop and/or laptop computing devices
that operate on one or more additional platforms.

It 1s with respect to this general technical environment
that aspects of the present technology disclosed herein have
been contemplated. Furthermore, although a general envi-
ronment has been discussed, 1t should be understood that the
examples described herein should not be limited to the
general environment identified 1n the background.

SUMMARY

This summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description section. This summary 1s
not intended to 1dentily key features or essential features of
the claimed subject matter, nor 1s 1t intended to be used as
an aid i determining the scope of the claimed subject
matter. Additional aspects, features, and/or advantages of
examples will be set forth 1 part in the description which
tollows and, 1n part, will be apparent from the description or
may be learned by practice of the disclosure.

Non-limiting examples of the present disclosure describe
systems, methods and devices for assisting with cross-
platform user experience accessibility. A common scenario
related to multi-device use cases 1s the ability to “remote
access” one device from another and interact with the native
experience (e.g., remote desktop or visual network comput-
ing). While the focus of these scenarios 1s to allow the user
of one device form factor to leverage the experience/re-
sources ol another, one of the key gaps 1s an “accessibility”
model that allows a user to leverage platform-native acces-
sibility tools.

Aspects of the current disclosure provide mechanisms for
allowing cross-platform and cross-device access to native
accessibility experiences by leveraging an event metadata
monitoring engine and an event metadata filtering engine on
the remote device side, while leveraging a translation engine
for injecting augmented and/or transformed metadata into a
host device’s native accessibility engine. In examples, a user
may link a host device with a remote device via a device
mirroring application and a network (e.g., Bluetooth net-
work, local area network, WikF1 network, etc.). The remote
device user interface may thus be mirrored on the host
device, while allowing the user to interact with the remote
device via the host device’s native controls. The metadata
monitoring engine on the remote device monitors all or a
specified set of event metadata generated by the remote
device, and the metadata filtering engine applies a set of
rules to i1dentify accessibility-relevant metadata (e.g., con-
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textual metadata). In examples, the metadata filtering engine
may tag the relevant metadata and the remote device may
then send that tagged metadata to the host device {for
processing by the translation engine. The translation engine
may augment and/or transform the metadata to a form that
1s readable and isertable for execution by the native acces-
sibility engine of the host device. The native accessibility
engine may execute one or more accessibility operations on
that augmented and/or transformed metadata and produce a
native accessibility experience for the remote device within
the host device’s device mirroring application.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive examples are described
with reference to the following figures:

FIG. 1 1s a schematic diagram illustrating an example
distributed computing environment for enabling cross-plat-
form remote accessibility experiences.

FIG. 2 1s a schematic diagram illustrating an example
distributed computing environment for enabling narration
and user interface focus accessibility experiences via a
cross-platform device mirroring application.

FIG. 3 1llustrates a simplified diagram of a metadata event
filtering engine applied on a remote device-side of a cross-
platform distributed computing environment.

FIG. 4 illustrates a simplified block diagram of an
example distributed computing environment for enabling
cross-platform remote accessibility experiences.

FIG. 5 1s an exemplary method for assisting with cross-
platform user experience accessibility.

FIGS. 6 and 7 are simplified diagrams of a mobile
computing device with which aspects of the disclosure may
be practiced.

FIG. 8 1s a block diagram illustrating example physical
components of a computing device with which aspects of the
disclosure may be practiced.

FIG. 9 1s a simplified block diagram of a distributed
computing system i1n which aspects of the present disclosure
may be practiced.

DETAILED DESCRIPTION

Various embodiments will be described 1n detail with
reference to the drawings, wherein like reference numerals
represent like parts and assemblies throughout the several
views. Relference to various embodiments does not limit the
scope of the claims attached hereto. Additionally, any
examples set forth 1n this specification are not intended to be
limiting and merely set forth some of the many possible
embodiments for the appended claims.

Examples of the disclosure provide systems, methods, and
devices for assisting with cross-platform user experience
accessibility. As used herein, “platform™ describes a specific
environment comprised of a set of computer hardware and
an operating system on which software 1s executed. For
example, a first computing device may be said to run on a
first platform that 1s different than a second platform 11 it has
a unique set of one or both of: hardware components and/or
an operating system (including an operating system ver-
s10n), and a second computing device may be said to run on
a second platform that 1s different from the first platform 1f
it has a set of one or both of: hardware components and/or
an operating system (including an operating system ver-
sion), that 1s different than the first computing device.

A “host device” as described herein 1s a device that a user
may control and/or view a copy, 1n real or near real-time, of
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a user interface of a “remote device”. A “remote device™ as
described herein 1s a device that may have 1ts user interface
copied, 1n real or near real-time, on a device mirroring
application of a host device. The remote device may be
controlled via the native controls of the host device via the
device mirroring application.

Aspects described herein utilize a monitoring engine on a
remote device to monitor metadata generated by the remote
device. The monitoring component may subscribe and/or be
granted access to all or a subset of metadata generated by the
remote device. A {iltering element may apply a set of rules
geared toward identifying accessibility-relevant metadata
from the momitored set of metadata. The monitoring engine
and the filtering engine may be encompassed as part of a
device mirroring application executed on the remote device
and/or they many be encompassed by the operating system
of the remote device. In some examples, the filtering engine
may tag metadata that 1t has identified as potentially being
accessibility-relevant and the host device may send that
information to a host device that 1t 1s connected/linked to. A
translation engine on the host device may augment and/or
transform the received metadata from 1ts raw form into a
form that 1s readable and executable by a native accessibility
engine operating on the host device. The translation engine
may be encompassed 1n the device mirroring application of
the host device and/or within the operating system of the
host device. The accessibility engine may be an engine that
1s applied not only to remote device metadata that has been
augmented and/or transformed, but also to metadata that has
been generated by the host device itself. By utilizing the
same accessibility engine for self-generated and remote-
generated metadata, the host device can provide a native
accessibility experience regardless of the device that i1s being
interacted with via the host device. The accessibility expe-
rience for the remote device may be produced by the
accessibility engine in the device mirroring application.

The systems, methods, and devices described herein pro-
vide technical advantages for providing access to accessi-
bility experiences on multiple devices. By allowing users to
leverage a native accessibility engine for producing a native
accessibility experience on a host device for a remote
device, users with visual, hearing, and reading impairments
can take advantage of processing and memory savings
associated with multi-device and multi-platiorm experi-
ences. Processing costs are reduced by allowing a user to
access data and/or perform operations on a linked device
(e.g., etther the host device or the remote device) based on
which of those devices has the best resources available to it
for performing those actions. For example, an application
may be available on the host device platform and the remote
device platiform, but the application may have less problems
being executed on one of those platforms over the other
and/or the application may have more features available to
it on one platform or the other. A user with visual, hearing
and/or reading impairments, utilizing the native accessibility
experiences of a host device as described herein, 1s thus able
to access the application via a single display (1.e., the host
display) regardless of whether the application 1s actually
being executed on the remote device. Memory costs are also
improved by allowing a user to spread the storage require-
ments associated with executing multiple applications (..,
applications on a host device and applications on a remote
device) across multiple devices and platforms while provid-
ing an enhanced user experience by allowing the user to
access all of the applications from a single integrated display
on the host device.
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Providing a normalized accessibility experience also pro-
vides an enhanced user experience. For example, users with
visual impairments may typically use a narration accessi-
bility tool to navigate a user interface, including user inter-
face elements and text elements. These users also typically
use headphones for listening to that narration tool but wired
headphones can generally only be utilized to listen to a
single device output. By providing a native accessibility
narration experience for a remotely accessed device on the
host device, a user can thus be provided with a narration
output from both devices 1n a single format and connection.
Additionally, the user experience 1s enhanced via utilizing
the native accessibility experience ol the host device by
providing a single accessibility toolset to users regardless of
the remote platiorm being accessed. Thus, a user does not
have to understand multiple renderings and mechanisms for
producing visual accessibility tools for multiple platforms
even 1n the instance that the remote device and the host
device have their own accessibility tools for a particular type
ol element.

FIG. 1 1s a schematic diagram illustrating an example
distributed computing environment 100 for enabling cross-
platform remote accessibility experiences. Computing envi-
ronment 100 includes event metadata filtering sub-environ-
ment 101, and event metadata translation and native
accessibility experience sub-environment 103. Both of event
metadata filtering sub-environment 101 and event metadata
translation and native accessibility experience sub-environ-
ment 103 include the same two computing devices. That 1s,
metadata filtering sub-environment 101 includes remote
computing device 102A and host computing device 114 A,
which are the same computing devices as remote computing
device 102B and host computing device 114B in event
metadata translation and native accessibility experience sub-
environment 103. The computing devices in event metadata
filtering sub-environment 101 1llustrate the filtering of event
metadata from remote computing device 102A. Alterna-
tively, the devices in event metadata translation and native
accessibility experience sub-environment 103 illustrate the
translation of the filtered event metadata by host computing
device 114B and providing of a native accessibility experi-
ence via a device mirroring application executed on host
computing device 114B based on the translation of the
filtered event metadata.

Remote computing device 102A displays four exemplary
user experience elements, which for illustrative purposes are
labeled as: UX1 104, UX2 106, UX3 108 and UX4 110.
UX1 104 and UX2 106 may comprise some portion of text,
while UX3 108 and UX4 110 may comprise some other type
or types of user experience elements (e.g., display windows,
search bars, navigation tabs, navigation tools, loading 1cons,
ctc.). Event metadata filtering engine 112 1s shown next to
remote computing device 102A for illustrative purposes, but
it should be understood that metadata filtering engine 112 1s
executed on and by remote computing device 102A. In some
examples, event metadata filtering engine 112 may be
executed as part of a local device mirroring application
installed and/or accessed by remote computing device 102A.

Host computing device 114A 1s running device mirroring
application 116. Device mirroring application 116 may be
utilized to connect with one or more other computing
devices (e.g., remote computing device 102A) that operate
on a same or different platform as host computing device
114 A, and mirror one or more of the features being executed
and/or displayed by the connected computing devices. In
some examples, device mirroring application 116 may be
launched and/or connected to another computing device that
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it has been granted access to when a user specifically
opens/starts device mirroring application 116 from host
computing device 114A. In other examples, device mirror-
ing application 116 may be launched and/or connected to
another computing device based on an interaction with a
notification received by remote computing device 102A, and
subsequently recerved by host computing device 114A. For
example, a user may setup a feature where application
notifications from the user’s smart phone (e.g., remote
computing device 102A) are received by one or more of the
user’s other devices (e.g., host computing device 114A).
Thus, 1n a specific example, a text message notification from
remote computing device 102A may also be received by host
computing device 114A, a user may interact with the noti-
fication on host computing device 114A and thereby auto-
matically cause device mirroring application 116 to launch,
with the device mirroring application user interface display-
ing a mirrored display of what the same interaction would
produce 11 the user interacted with the notification on remote
computing device 102A.

Host computing device 114A and remote computing
device 102A may connect and communicate with one
another for device mirroring application purposes via vari-
ous network types. In this example, host computing device
114 A and remote computing device 102A are 1llustrated as
communicating via Bluetooth connection. Host computing
device 114A and remote computing device 102A may com-
municate with one another via alternative means (e.g., 1f the
devices are not within Bluetooth range), such as via the
Internet, a local area connection, a WiF1 connection, etc.

In some examples, once a connection has been established
between host computing device 114 A and remote computing,
device 102A, event metadata filtering engine 112, which
may be encompassed i a device mirroring application
installed on remote computing device 102A, may receive
event metadata associated with remote computing device
102A. The event metadata may include metadata generated
by and/or associated with remote computing device 102A°s
operating system and/or metadata generated by and/or asso-
ciated with applications executed by remote computing
device 102A. In examples, the event metadata may comprise
one or more of: structural metadata, descriptive metadata,
process metadata, descriptive metadata, and/or accessibility
metadata. For example, the mirroring application executed
on remote computing device 102A may subscribe and/or be
provided with access to (1n real or near real-time) all or a set
of metadata generated by the operating system and/or appli-
cations of remote computing device 102A.

According to examples, event metadata filtering engine
112 may apply one or more rules to the event metadata to
filter and/or 1dentity a subset of data that 1s relevant from an
accessibility standpoint on the host device side. For
example, metadata filtering engine 112 may filter out 1rrel-
evant metadata from an accessibility standpoint (e.g., battery
life information, device location information, information
from out-of-focus windows/tabs, etc.) while tagging or
otherwise 1dentifying metadata that 1s relevant from an
accessibility standpoint (e.g., in-focus text information, user
interface focus location information, image information,
etc.) for forwarding to host computing device 114A and
device mirroring application 116. Once tagged and/or 1den-
tified, remote computing device 102A/102B may send that
tagged and/or 1dentified relevant metadata to host computing,
device 114A/114B.

In this example, a user has utilized a cursor on host
computing device 114B to interact with the mirror user
interface of remote computing device 102B on device mir-
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6

roring application 117. Specifically, the user navigates to the
text of element UX1 124, which may cause remote com-
puting device 102B to generate metadata describing the
location of the user’s focus (1.e., text of element UX1 124),
as well as metadata describing the text at that location. That
information, being relevant from an accessibility standpoint,
may be 1dentified/tagged by event metadata filtering engine
112 and sent via wire communication (e.g., Bluetooth, Wik1)
to host computing device 114B and device mirroring appli-
cation 117.

The accessibility-relevant metadata that 1s sent from
remote computing device 102B to host computing device
114B may be received by translation engine 128, which may
be associated with device mirroring application 124. Trans-
lation engine 128 may 1dentily the raw metadata that 1t
receives from remote computing device 102B and determine
a set of transforms to apply to that metadata such that
accessibility engine 130 may perform one or more related
accessibility operations on that data for presenting a native
accessibility experience corresponding to the metadata on
device mirroring application 117. In some examples, acces-
sibility engine 130 may be incorporated all or 1n part in
device mirroring application 117. In other examples, acces-
sibility engine 130 may be incorporated with and/or asso-
ciated with the operating system of host computing device
114B and/or an accessibility application executed on host
computing device 114B.

Accessibility engine 130 may perform operations on
locally hosted data and data received from remote comput-
ing device 102B, which allow 1t to provide accessibility
features to users that may have disabilities and/or impair-
ments, such as sight impairments, hearing impairments,
reading 1mpairments, etc. When accessibility engine 130
performs operations on locally hosted data, 1t automatically
generates a native accessibility experience that corresponds
to the local data that 1t performs those operations on. For
example, 1f a user utilizes a web browser installed locally on
host computing device 114B and a webpage 1n that web
browser user interface 1s scrolled over with a cursor and/or
otherwise interacted with by the user, accessibility engine
130 may perform one or more operations on the interacted-
with text and/or metadata associated with the interacted-with
text, such as: sending the text to a text-to-speech engine and
audibly narrating the text via computing device 114B;
magnifying the text 11 1t falls below a threshold size; and/or
indicating the area of focus on the user interface (e.g.,
highlighting the interacted-with text, putting a box around
the 1nteracted-with text).

Because remote computing device 102B may not operate
on a same platform as host computing device 114B, there
may not be a one-to-one mapping between data inputs from
remote computing device 102B and accessibility operations
that can be performed on those data imputs by accessibility
engine 130. Thus, translation engine 128 may augment/
transform received accessibility-related data from remote
computing device 102B, and provide that data to accessi-
bility engine 130 1n a form that accessibility engine 130 can
perform native accessibility operations on. For example,
when the user interacts with element UX1 124 via device
mirroring application 124, the text information and location/
focus information associated with that interaction may be
sent, via event metadata filtering engine 112, from remote
computing device 102B to translation engine 128, and
translation engine 128 may perform one or more transiorms
on that data such that 1t can be read and operated on by
accessibility engine 130. Accessibility engine 130 may then
perform native accessibility operations on the transformed
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data and produce native accessibility experiences from that
data, including narrating the interacted-with text at element
UX1 124 (as illustrated by narration element 126) and/or
highlighting or otherwise indicating the location of user
focus (1.e., mteracted with text at element UX1 124).

FIG. 2 1s a schematic diagram illustrating an example
distributed computing environment 200 for enabling narra-
tion and user interface focus accessibility experiences via a
cross-platform device mirroring application. Computing
environment 200 includes remote device sub-environment
201, network and processing sub-environment 210, and host
device sub-environment 218.

Remote device sub-environment 201 includes remote
computing device 202 A and remote computing device 202B,
which are the same computing device, with remote comput-
ing device 202A 1llustrating a text message notification 206
being recetved by remote computing device 202A and
remote computing device 202B illustrating a corresponding,
text message application being expanded and displayed
when a user interacts with text message notification 206.

Host device sub-environment 216 includes host comput-
ing device 218, which i1s executing device mirroring appli-
cation 224. In examples, host computing device 218 may
receive push notifications corresponding to notifications that
are received by remote computing device 202A/202B. Thus,
when text message notification 206 1s received on remote
computing device 202A, a corresponding notification may
be recerved by host computing device 218. In examples, 1
a user interacts with the text message notification on host
computing device 218, device mirroring application 224
may be launched on host computing device 218 when the
text message application 1s thereby expanded and displayed
on computing device 202B. Thus, device mirroring appli-
cation 224 also displays the expanded text message appli-
cation that 1s current on remote computing device 202B. In
this example, remote computing device 202A/202B and host
computing device 218 are illustrated as communicating with
one another via network 212 for purposes mirroring remote
computing device 202A/202B on host computing device
218. For example, 11 remote device 202A/202B and host
device 218 are not within Bluetooth communication range of
one another, those devices may a network such as network
212 for communicating for mirroring purposes.

In examples, an event metadata filtering engine executed
on remote computing device 202A/202B may apply a set of
rules for identifying accessibility-relevant metadata for tag-
ging and sending to host device 218. In some examples, the
metadata filtering engine may be integrated mn a device
mirroring application that has been installed on remote
computing device 202A/202B. In other examples, the meta-
data filtering engine may be integrated in the operating
system of remote computing device 202A/202B. In this
example, a user has utilized a cursor on host computing
device 218 to interact with (e.g., scroll over, select, etc.) text
message 226 displayed on device mirroring application 224.
Remote computing device 202B may, via the device mir-
roring application installed that end, receive a corresponding
interaction (e.g., relay a touch interaction on text message
226). Event metadata associated with that interaction may be
tagged by the metadata filtering engine executed on remote
computing device 202B.

Remote computing device 202B may then send the tagged
metadata associated with the interaction with text message
226 from remote computing device 202B to host computing
device 218. A translation engine associated with device
mirroring application 224 may receive the tagged metadata
(e.g., text metadata corresponding to the message content of
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text message 226; user/cursor location on the messaging
application at text message 226, etc.). The translation engine
may read the recerved metadata and perform one or more
operations on that metadata to augment and/or transform the
metadata to a form that 1s readable by an accessibility engine
operating on host computing device 218. The accessibility
engine may the augmented and/or transformed metadata,
and produce a native accessibility experience on host com-
puting device 218 via device mirroring application 224, as
i the text messaging application were being executed
entirely on host computing device 218. In this example, the
native accessibility experience 1s illustrated by the “read
message aloud™ narration element 220 (1.e., host computing
device 218 audibly reads the interacted-with message con-
tent of text message 226), and by highlighting or otherwise
bolding the element of the text message application that has
been interacted with (i.e., the bolded rectangle surrounding
text message 226 on device mirroring application 224).

Although the event metadata filtering engine i1s described
as being executed on remote computing device 202A/202B,
and the translation engine 1s described as being executed on
host computing device 218, 1t should be understood that one
or both of those engines may be executed in the cloud. For
example, one or both of the event metadata filtering engine
and/or the translation engine may be executed by an acces-
sibility mirroring service operating on one or more server
computing device, such as server computing device 214 1n
network and processing sub-environment 210.

FIG. 3 illustrates a simplified diagram 300 of a metadata
event filtering engine applied on a remote device-side of a
cross-platform distributed computing environment. Diagram
300 includes remote device sub-environment 301, event
metadata sub-environment 312, event metadata filtering
engine 322, tagged metadata sub-environment 324, and host
device transier element 326.

According to examples, a user associated with remote
computing device 302 may have installed a device mirroring
application on remote computing device 302 and one or
more other computing devices (e.g., host devices). Remote
computing device 302 and the one or more other computing
devices that the device mirroring application 1s installed on
may operate on same or different computing platforms. The
device mirroring application may allow a host device to
produce a mirrored display of what 1s currently being
displayed on remote computing device 302, while allowing
a user to interact virtually with that display and have the
operations that are imitiated via the display on the host device
executed by remote computing device 302. Thus, if a user
interacts with a selectable application element shown in the
device mirroring application (i.e., a remote device applica-
tion shown 1n the mirrored user interface on the host device),
the application element will be caused to initiate its corre-
sponding action on remote computing device 302, while
having any user interface modifications that are caused
thereby displayed on both remote computing device 302 and
the mirrored mstance of remote computing device 302 on
the host device.

As part of the device mirroring application installed on
remote computing device 302, event metadata filtering
engine 322 may receive metadata associated with events on
remote computing device 302. Event metadata filtering
engine 322 may receive all or a subset of metadata generated
by remote computing device 302. In some examples, the
metadata recerved by event metadata filtering engine 322
may specifically designated by a user (e.g., all contextual
metadata, a set of contextual metadata, a type of contextual
metadata). In this example, remote computing device 1s
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executing a to-do list application. As shown on the to-do list
application user interface on remote computing device 302,
an upcoming event user interface element 306 (“call hotel”)
1s fully wvisible on the user interface; a first overdue event
user interface element 308 (*call dog sitter) 1s fully visible
on the user interface, and a second overdue event user
interface element 310 (“make dr. appt.”) 1s partially visible
on the user 1ntertace. Additionally, battery life user interface
clement 304 1s also displayed on remote computing device
302.

In this example, metadata associated with each of the user
interface elements on remote computing device 302 are
received by event metadata filtering engine 322. This 1s
illustrated 1in event metadata sub-environment 312 by: bat-
tery percentage change event metadata 314, corresponding

to battery life user interface element 304 moving a percent-
age 1n battery life (e.g., 15% full to 14% full); currently
active to-do event metadata 316 A, corresponding to upcoms-
ing event user interface element 306 (“call hotel”); in-focus
to-do event metadata 318, corresponding to first overdue
event user 1nterface element 308 (“call dog sitter”); and out
of focus to-do event metadata 320, corresponding to second
overdue event user interface element 310 (“make dr. appt.”).
The metadata for each of user intertface elements 306, 308
and 310 may provide information related to the text included
in those elements, the location of those elements on the user
interface (or partially ofl of the user interface in the case of
second overdue event user interface element 310), and/or
whether a user 1s currently interacting with those user
interface elements, for example.

Event metadata filtering engine 322 may apply a set of
rules to the metadata 1n event metadata sub-environment 312
to determine whether one or more pieces of that metadata are
relevant from an accessibility standpoint. For example, a
first rule may dictate that metadata indicating that battery
life of remote computing device 302 has changed be auto-
matically filtered out and discarded by event metadata
filtering engine 322; a second rule may dictate that metadata
describing a location on remote computing device 302°s user
interface where a user has currently interacted with a user
interface element be automatically tagged as being relevant
by event metadata filtering engine 322; a third rule may
dictate that metadata describing a location of other active
user interface elements that are currently in-focus (e.g.,
entirely visible on the user interface), but not active (e.g., not
currently interacted with by a user), be automatically tagged
as being relevant (e.g., to enhance the speed at which an
accessibility engine can access that imformation 1f a user
decides to select that element) by event metadata filtering
engine 322; and a fourth rule may dictate that metadata
describing a location of out of focus to-do user interface
clements be filtered out and discarded by event metadata
filtering engine 322.

Thus, 1n this example, event metadata filtering engine
322: filters out battery percentage change event metadata
314 based on application of the first rule; filters out out of
focus to-do event metadata 320; tags currently active to-do
cvent metadata 316A as being relevant; and tags in-focus
to-do event metadata 318 as being relevant. Event metadata
filtering engine 322 then sends the tagged relevant metadata
to the host device, as indicated by currently active to-do
event metadata 3168 and in-focus to-do event metadata
318B 1n tagged metadata sub-environment 324. A translation
engine on the host device can then augment and/or perform
one or more transiformations on the tagged metadata such
that an accessibility engine on the host device can read and
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perform accessibility operations for generating a native
accessibility experience from that metadata on the host
device.

FIG. 4 1illustrates a simplified block diagram of an
example distributed computing environment 400 {for
cnabling cross-platform remote accessibility experiences.
Computing environment 400 includes remote device sub-
environment 402, host device sub-environment 404, native
accessibility services sub-environment 406, host platform
accessibility/UI context event source sub-environment 408,
native overlay for accessibility integration sub-environment
410, rules engine/filtering sub-environment 412 and trans-
lation engine sub-environment 414.

Host device sub-environment 404 includes a host device
where a user would like to interact with a mirrored version
of the user’s remote device. For example, a user may have
two or more devices available (e.g., a PC, a laptop, a tablet,
a smart phone), and wish to interact with one or more of the
devices (e.g., the smart phone and/or the tablet) when the
user 1s engaged with one of the other devices (e.g., the P
or the laptop). The host device 1n this scenario would be the
PC or the laptop, which the user may utilize a device
mirroring application on for mirroring the remote device
(1.e., causing the user interface of the remote device to be
displayed 1n a substantially similar manner on the host
device; providing access to the remote device and 1ts
resources via interaction with the mirrored user interface on
the host device). A verification step may be in place by
which a user must verily that she 1s the owner of devices that
are going to be connected via a device mirroring application.

Alternatively, remote device sub-environment 402
includes a remote device that a user would like to have
mirrored on the host. The remote device may also have the
device mirroring application installed on 1t. The role of the
device mirroring application on the remote device 1s how-
ever diflerent in that it provides mechanisms for monitoring
event metadata generated on the remote device, identifying
relevant event metadata that corresponds to accessibility,
receiving commands from a host device, and sending rel-
evant event metadata back to the host device.

Host platform accessibility/UI context event source sub-
environment 408 includes a monitoring engine on the
remote device. The monitoring engine subscribes to at least
a portion ol metadata that 1s generated by the host device.
For example, a user may only grant monitoring rights to the
monitoring engine for monitoring contextual metadata. The
monitoring engine may generally have access to metadata
that includes user interface event metadata (e.g., what 1s
currently 1 focus and/or active on a user interface of the
remote device).

Rules engine/filtering sub-environment 412 includes an
cvent metadata filtering engine that 1s executed by the
remote device. The filtering engine applies a plurality of
rules for 1dentifying metadata received via the monitoring
engine that 1s relevant from an accessibility standpoint. The
filter essentially weeds out 1irrelevant events/background
noise that may be included in this metadata, such as out of
focus tabs and windows, background application events,
battery usage data, GPS location, etc. The rules may be
updated based on monitoring of telemetry data recerved
from users of the device mirroring application. In examples,
the filtering engine may tag event metadata that 1t deter-
mines 1s relevant from an accessibility standpoint and send
that tagged metadata to a host device for processing.

Translation engine 414 includes a translation engine on
the host device for processing the tagged metadata recerved
from the remote device. The translation engine takes the raw
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metadata recerved from the remote device and converts it to
a format that can be read and understood by the host
device/system.

Native overlay for accessibility integration environment
410 also operates on the host device, and 1n some cases may
be integrated with the translation engine. The native overlay
for accessibility sub-environment augments and/or trans-
forms the data from the translation engine to allow the native
accessibility engine of the host device to read the metadata
from the remote device and generate a native accessibility
experience on the host device, via the device mirroring
application, from the augmented/transformed data. In some
examples, the augmentation and/or transformation of the
data may include making the metadata received from the
translation engine readable by a narrator component of the
accessibility engine. In additional examples, the augmenta-
tion and/or transformation of the data may include making
the metadata received from the translation engine readable
by a visual focus component of the accessibility engine.

Native accessibility services sub-environment 406
includes the accessibility engine that operates on the host
device. The accessibility engine may be responsible for
receiving metadata generated by the host device 1tself and
generating narration and visual accessibility experiences
therefrom. The accessibility engine may also be responsible
for receiving metadata from a remote device that has been
augmented/transtormed for injection into the accessibility
engine, and producing a native accessibility experience from
that data 1n the device mirroring application.

FIG. 5 1s an exemplary method 500 for assisting with
cross-platform user experience accessibility. The method
500 begins at a start operation and tlow continues to opera-
tion 502 where a connection between a host device and a
remote device 1s established. The connection may be a
Bluetooth connection, a local area connection, a WiF1 con-
nection, or a network service connection. In some examples,
a user may 1install a device mirroring application on a host
device for mirroring one or more remote devices on the host
device. The user may also install a device mirroring appli-
cation on the one or more remote devices for having the
remote devices mirrored on the host device. In some
examples, the user may have to authenticate her devices
and/or her identity of being the owner of the devices before
a connection may be made.

From operation 502 flow continues to operation 504
where event metadata generated by the remote device 1s
monitored. The metadata may be monitored by a monitoring,
engine executed on the remote device. In some examples,
the user associated with the remote device may grant “lis-
tening” privileges to the monitoring engine such that all or
a subset of event metadata may be monitored by the moni-
toring engine.

From operation 504 flow continues to operation 506
where the event metadata 1s filtered such that accessibility-
related information can be identified and/or tagged. The
filtering may comprise a filtering engine that applies one or
more rules for identifying accessibility-related information.
The accessibility-related information may relate to a focus
and/or active element of a user interface, text metadata
and/or 1mage metadata. In some examples, the filtering
engine may discard event metadata that 1s not accessibility-
related (e.g., device location data, battery usage data, etc.),
and the filtering engine may tag event metadata that 1t
determines 1s accessibility-related and/or relevant based on
application of the one or more rules.

From operation 506 flow continues to operation 508
where the filtered event metadata (1.e., accessibility-related
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information that has been 1dentified and/or tagged) 1s sent to
the second device for accessibility translation (1.e., augmen-
tation and/or transformation for reading and performing
operations on by an accessibility engine on the host device).

From operation 508 flow continues to operation 510
where the filtered event metadata 1s received by the host
device.

From operation 510 flow continues to operation 3512
where the filtered event metadata 1s translated to a form that
1s readable by an accessibility engine operating on the
second device. The metadata may be sent from the remote
device to the host device 1n a form that the host device
cannot read and/or perform accessibility-related operations
on while 1n i1ts raw form due to the remote device being of
a different platform than the host device. As such, a trans-
lation engine may augment and/or transform the metadata to
a form that 1s readable and executable by an accessibility
engine on the host device.

From operation 512 flow continues to operation 514
where the host device provides a native accessibility expe-
rience corresponding to the translated event metadata. The
accessibility engine on the host device takes the translated
metadata and performs one or more accessibility-related
operations on that data for producing a native experience
within the device mirroring application. In some examples,
the native accessibility experience may comprise narration
of an active and/or in-focus user interface element of the
remote device. In other examples, the native accessibility
experience may be highlighting or otherwise visually indi-
cating an active and/or in-focus user interface element on the
remote device via the device mirroring application.

From operation 514 flow moves to an end operation and
the method 500 ends.

FIGS. 6 and 7 illustrate a mobile computing device 600,
for example, a mobile telephone, a smart phone, wearable
computer (such as smart eyeglasses), a tablet computer, an
e-reader, a laptop computer, or other AR compatible com-
puting device, with which embodiments of the disclosure
may be practiced. With reference to FIG. 6, one aspect of a
mobile computing device 600 for implementing the aspects
1s 1llustrated. In a basic configuration, the mobile computing
device 600 1s a handheld computer having both input
clements and output elements. The mobile computing device
600 typically includes a display 605 and one or more input
buttons 610 that allow the user to enter information into the
mobile computing device 600. The display 605 of the mobile
computing device 600 may also function as an mput device
(e.g., a touch screen display). If included, an optional side
input element 6135 allows further user mput. The side mput
clement 615 may be a rotary switch, a button, or any other
type of manual input element. In alternative aspects, mobile
computing device 600 may incorporate more or fewer mput
clements. For example, the display 605 may not be a touch
screen 1 some embodiments. In vet another alternative
embodiment, the mobile computing device 600 1s a portable
phone system, such as a cellular phone. The mobile com-
puting device 600 may also include an optional keypad 635.
Optional keypad 635 may be a physical keypad or a “soit”
keypad generated on the touch screen display. In various
embodiments, the output elements include the display 605
for showing a graphical user interface (GUI), a wvisual
indicator 620 (e.g., a light emitting diode), and/or an audio
transducer 625 (e.g., a speaker). In some aspects, the mobile
computing device 600 incorporates a vibration transducer
for providing the user with tactile feedback. In yet another
aspect, the mobile computing device 600 incorporates mput
and/or output ports, such as an audio input (e.g., a micro-
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phone jack), an audio output (e.g., a headphone jack), and a
video output (e.g., a HDMI port) for sending signals to or
receiving signals from an external device.

FIG. 7 1s a block diagram illustrating the architecture of
one aspect ol a mobile computing device. That 1s, the mobile
computing device 700 can incorporate a system (e.g., an
architecture) 702 to implement some aspects. In one
embodiment, the system 702 1s implemented as a “smart
phone™ capable of running one or more applications (e.g.,
browser, e-mail, calendaring, contact managers, messaging,
clients, games, and media clients/players). In some aspects,
the system 702 1s integrated as a computing device, such as
an mtegrated personal digital assistant (PDA) and wireless
phone.

One or more application programs 766 may be loaded into
the memory 762 and run on or in association with the
operating system 864. Examples of the application programs
include phone dialer programs, e-mail programs, personal
information management (PIM) programs, word processing
programs, spreadsheet programs, Internet browser pro-
grams, messaging programs, and so forth. The system 702
also includes a non-volatile storage arca 768 within the
memory 762. The non-volatile storage area 768 may be used
to store persistent information that should not be lost it the
system 702 1s powered down. The application programs 766
may use and store information in the non-volatile storage
areca 768, such as e-mail or other messages used by an e-mail
application, and the like. A synchronization application (not
shown) also resides on the system 702 and 1s programmed
to 1nteract with a corresponding synchronization application
resident on a host computer to keep the information stored
in the non-volatile storage area 768 synchronized with
corresponding information stored at the host computer. As
should be appreciated, other applications may be loaded 1nto
the memory 762 and run on the mobile computing device
700, including instructions for providing and operating a
user experience transformation computing platiform.

The system 702 has a power supply 770, which may be
implemented as one or more batteries. The power supply
770 might further include an external power source, such as
an AC adapter or a powered docking cradle that supplements
or recharges the batteries.

The system 702 may also include a radio interface layer
772 that performs the function of transmitting and receiving
radio frequency communications. The radio interface layer
772 facilitates wireless connectivity between the system 702
and the ““outside world,” via a communications carrier or
service provider. Transmissions to and from the radio inter-
tace layer 772 are conducted under control of the operating
system 764. In other words, communications received by the
radio 1nterface layer 772 may be disseminated to the appli-
cation programs 766 via the operating system 764, and vice
versa.

The visual indicator 620 may be used to provide visual
notifications, and/or an audio intertace 774 may be used for
producing audible notifications via the audio transducer 625.
In the illustrated embodiment, the visual indicator 620 1s a
light emitting diode (LED) and the audio transducer 625 is
a speaker. These devices may be directly coupled to the
power supply 770 so that when activated, they remain on for
a duration dictated by the nofification mechanism even
though the processor 760 and other components might shut
down for conserving battery power. The LED may be
programmed to remain on indefinitely until the user takes
action to indicate the powered-on status of the device. The
audio terface 774 1s used to provide audible signals to and
receive audible signals from the user. For example, in
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addition to being coupled to the audio transducer 625, the
audio mterface 774 may also be coupled to a microphone to
receive audible iput, such as to facilitate a telephone
conversation. In accordance with embodiments of the pres-
ent disclosure, the microphone may also serve as an audio
sensor to {facilitate control of notifications, as will be
described below. The system 702 may further include a
video interface 776 that enables an operation of an on-board
camera 630 to record still images, video stream, and the like.

A mobile computing device 700 implementing the system
702 may have additional features or functionality. For
example, the mobile computing device 700 may also include
additional data storage devices (removable and/or non-
removable) such as, magnetic disks, optical disks, or tape.
Such additional storage 1s illustrated in FIG. 7 by the
non-volatile storage area 768.

Data/information generated or captured by the mobile
computing device 700 and stored via the system 702 may be
stored locally on the mobile computing device 700, as
described above, or the data may be stored on any number
of storage media that may be accessed by the device via the
radio iterface layer 772 or via a wired connection between
the mobile computing device 700 and a separate computing
device associated with the mobile computing device 700, for
example, a server computer 1n a distributed computing
network, such as the Internet. As should be appreciated such
data/information may be accessed via the mobile computing
device 700 wvia the radio interface layer 772 or via a
distributed computing network. Similarly, such data/infor-
mation may be readily transierred between computing
devices for storage and use according to well-known data/
information transier and storage means, including electronic
mail and collaborative data/information sharing systems.

FIG. 8 1s a block diagram illustrating physical compo-
nents (e.g., hardware) of a computing device 800 with which
aspects of the disclosure may be practiced. The computing
device components described below may have computer
executable instructions for providing a consistent cross-
platform user experience and a native accessibility experi-
ence across devices. In a basic configuration, the computing
device 800 may include at least one processing unit 802 and
a system memory 804. Depending on the configuration and
type of computing device, the system memory 804 may
comprise, but 1s not limited to, volatile storage (e.g., random
access memory), non-volatile storage (e.g., read-only
memory), flash memory, or any combination of such memo-
rics. The system memory 804 may include an operating
system 805 suitable for runming one or more cross-platiorm
accessibility applications. The operating system 803, for
example, may be suitable for controlling the operation of the
computing device 800. Furthermore, embodiments of the
disclosure may be practiced in conjunction with a graphics
library, other operating systems, or any other application
program and 1s not limited to any particular application or
system. This basic configuration 1s illustrated 1in FIG. 8 by
those components within a dashed line 808. The computing
device 800 may have additional features or functionality. For
example, the computing device 800 may also include addi-
tional data storage devices (removable and/or non-remov-
able) such as, for example, magnetic disks, optical disks, or
tape. Such additional storage 1s illustrated in FIG. 8 by a
removable storage device 809 and a non-removable storage
device 810.

As stated above, a number of program modules and data
files may be stored in the system memory 804. While
executing on the processing unit 802, the program modules
806 (e.g., cross-platform accessibility application 820) may
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perform processes including, but not limited to, the aspects,
as described herein. According to examples, event monitor-
ing engine 811 may monitor event metadata generated by a
remote computing device. Metadata filtering engine 813
may apply a set of rules for 1identifying accessibility-relevant
metadata from the remote device. Translation engine 815
may perform one or more operations associated with aug-
menting and/or transforming raw metadata from the remote
device to a form that i1s readable and executable by an
accessibility engine of a host device. Narration engine 817
may perform one or more operations associated with pro-
ducing an audible output describing one or more user
interface elements on a host device and/or a remote device.

Furthermore, embodiments of the disclosure may be
practiced 1n an electrical circuit comprising discrete elec-
tronic elements, packaged or integrated electronic chips
containing logic gates, a circuit utilizing a microprocessor,
or on a single chip containing electronic elements or micro-
processors. For example, embodiments of the disclosure
may be practiced via a system-on-a-chip (SOC) where each
or many of the components illustrated 1n FIG. 8 may be
integrated onto a single integrated circuit. Such an SOC
device may include one or more processing units, graphics
units, communications units, system virtualization units and
various application functionality all of which are integrated
(or “burned”) onto the chip substrate as a single integrated
circuit. When operating via an SOC, the functionality,
described herein, with respect to the capability of client to
switch protocols may be operated via application-specific
logic integrated with other components of the computing
device 800 on the single itegrated circuit (chip). Embodi-
ments of the disclosure may also be practiced using other
technologies capable of performing logical operations such
as, for example, AND, OR, and NOT, including but not
limited to mechanical, optical, fluidic, and quantum tech-
nologies. In addition, embodiments of the disclosure may be
practiced within a general purpose computer or in any other
circuits or systems.

The computing device 800 may also have one or more
input device(s) 812 such as a keyboard, a mouse, a pen, a
sound or voice mput device, a touch or swipe mput device,
etc. The output device(s) 814 such as a display, speakers, a
printer, etc. may also be included. The aforementioned
devices are examples and others may be used. The comput-
ing device 800 may include one or more communication
connections 816 allowing communications with other com-
puting devices 850. Examples of suitable commumnication
connections 816 include, but are not limited to, radio fre-
quency (RF) transmitter, receiver, and/or transceiver cir-
cuitry; universal serial bus (USB), parallel, and/or serial
ports.

The term computer readable media as used herein may
include computer storage media. Computer storage media
may nclude volatile and nonvolatile, removable and non-
removable media implemented 1n any method or technology
for storage of information, such as computer readable
instructions, data structures, or program modules. The sys-
tem memory 804, the removable storage device 809, and the
non-removable storage device 810 are all computer storage
media examples (e.g., memory storage). Computer storage
media may include RAM, ROM, electrically erasable read-
only memory (EEPROM), flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other
optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other
article of manufacture which can be used to store informa-
tion and which can be accessed by the computing device
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800. Any such computer storage media may be part of the
computing device 800. Computer storage media does not
include a carrier wave or other propagated or modulated data
signal.

Communication media may be embodied by computer
readable 1nstructions, data structures, program modules, or
other data 1n a modulated data signal, such as a carrier wave
or other transport mechamsm, and includes any information
delivery media. The term “modulated data signal” may
describe a signal that has one or more characteristics set or
changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communi-
cation media may include wired media such as a wired
network or direct-wired connection, and wireless media
such as acoustic, radio frequency (RF), infrared, and other
wireless media.

FIG. 9 illustrates one aspect of the architecture of a
system for processing data received at a computing system
from a remote source, such as a personal/general computer
904, tablet computing device 906, or mobile computing
device 908, as described above. Content displayed at server
device 902 may be stored in different communication chan-
nels or other storage types. For example, various documents
may be stored using a directory service 922, a web portal
924, a mailbox service 926, an instant messaging store 928,
or a social networking site 930. The program modules 806
may be employed by a client that communicates with server
device 902, and/or the program modules 806 may be
employed by server device 902. The server device 902 may
provide data to and from a client computing device such as
a personal/general computer 904, a tablet computing device
906 and/or a mobile computing device 908 (e.g., a smart
phone) through a network 915. By way of example, the
computer system described above with respect to FIGS. 6-8
may be embodied 1n a personal/general computer 904, a
tablet computing device 906 and/or a mobile computing
device 908 (e.g., a smart phone). Any of these embodiments
of the computing devices may obtain content from the store
916, 1n addition to receiving graphical data useable to be
cither pre-processed at a graphic-originating system, or
post-processed at a receiving computing system.

Aspects of the present disclosure, for example, are
described above with reference to block diagrams and/or
operational illustrations of methods, systems, and computer
program products according to aspects of the disclosure. The
functions/acts noted 1n the blocks may occur out of the order
as shown 1n any flowchart. For example, two blocks shown
in succession may 1n fact be executed substantially concur-
rently or the blocks may sometimes be executed in the
reverse order, depending upon the functionality/acts
ivolved.

The description and 1llustration of one or more aspects
provided 1n this application are not intended to limit or
restrict the scope of the disclosure as claimed 1n any way.
The aspects, examples, and details provided in this applica-
tion are considered suflicient to convey possession and
enable others to make and use the best mode of claimed
disclosure. The claimed disclosure should not be construed
as being limited to any aspect, example, or detail provided
in this application. Regardless of whether shown and
described 1n combination or separately, the various features
(both structural and methodological) are intended to be
selectively included or omitted to produce an embodiment
with a particular set of features. Having been provided with
the description and 1llustration of the present disclosure, one
skilled 1n the art may envision variations, modifications, and
alternate aspects falling within the spirit of the broader
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aspects of the general inventive concept embodied 1n this
application that do not depart from the broader scope of the
claimed disclosure.

The various embodiments described above are provided
by way of 1illustration only and should not be construed to
limit the claims attached hereto. Those skilled in the art will
readily recognize various modifications and changes that
may be made without following the example embodiments
and applications illustrated and described herein, and with-
out departing from the true spirit and scope of the following
claims.

What 1s claimed 1s:

1. A method for assisting with cross-platiorm user expe-
rience accessibility, the method comprising:

establishing, by a first device, a connection with a second

device;

monitoring event metadata generated by the first device;

filtering out background event metadata from the event

metadata;

tagging metadata from the event metadata that 1s acces-

sibility related, wherein text metadata associated with
text displayed by the first device i1s tagged from the
event metadata;

sending the tagged event metadata to the second device 1n

a first form compatible with a first platform executed by
the first device for accessibility translation 1nto a sec-
ond form compatible with a second platform executed
by the second device;

receiving, by the second device, the tagged event meta-

data;

translating, by the second device, the tagged event meta-

data to a form readable by an accessibility engine
operating on the second device; and

providing, by the second device, a native accessibility

experience corresponding to the translated event meta-
data, wherein the providing comprises producing one
of: an audio output corresponding to the text metadata;
a braille output corresponding to the text metadata; and
a haptic output corresponding to the text metadata.
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2. The method of claim 1, wherein the connection
between the first device and the second device 1s established
via a device mirroring application for mirroring the first
device on the second device.

3. The method of claim 1, wherein the event metadata 1s
monitored by a device mirroring application executed on the
first device.

4. A computer-readable storage media comprising execut-

able instructions that, when executed by one or more pro-

cessors, assist with user experience accessibility, the com-
puter-recadable storage media 1ncluding 1nstructions
executable by the one or more processors for:
establishing, by a first device, a connection with a second
device;
monitoring event metadata generated by the first device;
filtering out background event metadata from the event
metadata;
tagging metadata from the event metadata that 1s acces-
sibility related, wherein text metadata associated with
text displayed by the first device 1s tagged from the
event metadata;
sending the tagged event metadata to the second device n
a {irst form compatible with a first platform executed by
the first device for accessibility translation mto a sec-
ond form compatible with a second platform executed
by the second device;
recerving, by the second device, the tagged event meta-
data;
translating, by the second device, the tagged event meta-
data to a form readable by an accessibility engine
operating on the second device; and
providing, by the second device, a native accessibility
experience corresponding to the translated event meta-
data, wherein the providing comprises producing one
of: an audio output corresponding to the text metadata;
a braille output corresponding to the text metadata; and
a haptic output corresponding to the text metadata.
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